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IMPLICATIONS ANDPurpose: Early growth patterns have been associated with subsequent obesity risk. However,
ﬁndings from middle-income populations suggest that early infant growth may beneﬁt lean mass
and height rather than adiposity. We tested the hypothesis that rapid weight or length gain in
different growth periods would be associated with size and body composition in adolescence, in
a prospective birth cohort from southern Brazil.
Methods: Body composition was assessed in 425 adolescents (52.2% male) at 14 years. Exposures
were birth weight z-score and conditional growth in weight or length for the periods 0e6, 6e12
and 12e48 months. Differences in anthropometric and body composition outcomes between
tertiles of growth in each period were tested by one-way analysis of variance.
Results: Size at birth and conditional weight and length at 6 months were associated with later
height. The effect of infantweight gain on leanmasswas greater formales than females, and effect on
fat mass greater for females than males. By early childhood, rapid weight gain generated relatively
similar effects on both tissue masses in both sexes. Rapid length gain had stronger effects on
outcomes inmales than females at each time point, and beneﬁted leanmassmore than adiposity. All
effects were substantially attenuated after adjusting for current height. Early weight gain was more
important than length gain at inﬂuencing body composition outcomes in adolescence.
Conclusions: Rapid infant weight and length gains were primarily associated with larger size in
adolescence rather than increased adiposity. From one year onwards, associations between rapid
weight gain and fat and lean masses remained after adjustment for height.
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Rapid weight gain in fetal
life and the ﬁrst 6 months
of infancy was associated
with greater body size,
whereas rapid weight gain
from one year was associ-
ated with greater adipo-
sity, adjusting for height.
Rapid early infant weight
gain does not increase
obesity risk in Brazilian
adolescents.Rapid weight gain in fetal life, infancy, and early childhood
has been associated in many studies with the risk of obesity in
childhood or adulthood [1e6]. This has led to debate concerning
the merits of rapid infant weight gain [7], which often follows
a reduced rate of fetal weight gain. In industrializedpopulations, studies have shown that upward centile-crossing
during infancy and childhood is associated with greater
whole-body and central adiposity in later life. Infancy has
therefore been suggested as an important period of the life-
course for obesity prevention, and some have recommended
slower weight gain to reduce obesity risk and cardiovascular
risk [4,8,9].
Studies from modernizing populations provide conﬂicting
evidence. For example, studies from Guatemala, India, and Brazil
have reported that rapid infant weight and length gain are
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rather than adiposity [10e13]. Associations of weight gain and
total or central adiposity appear to strengthen from early child-
hood onwards [10e13]. However, these studies were in most
cases based on body composition values estimated from
anthropometry or prediction methods such as bio-electrical
impedance analysis. There is therefore a need to conﬁrm these
earlier studies using more accurate methodologies.
In Brazil, we previously studied a subset of 172males from the
1993 prospective Pelotas birth cohort at 9 years. Using bio-
electrical impedance to assess lean and fat masses, we found
that birth weight and early infant weight gain were positively
associated with later height and lean mass, but not with later
adiposity [12]. In contrast, greater weight gain from one year
onwards was positively associated with greater lean and fat
masses, but not with height. These data suggest a developmental
shift in the target of weight gain from height and lean mass
towards fat mass.
Here, we report a further follow-up of a larger subsample of
the same cohort, this time including females as well as males. We
studied body composition using isotope dilution in order to
increase the accuracy of the measurements. We tested the
hypothesis that rapid weight or length/height gain would be
associated with each of lean and fat masses in adolescence. As
slower weight gain in early life has been recommended by some
for cardiovascular health [4,7e9], we compared outcomes
between the fastest and slowest tertiles of both weight gain and
length gain. We also adjusted weight gain for length gain and
vice versa, to clarify which component of growth is most
important for the development of body composition.
Methods
Subjects
The 1993 Pelotas (Brazil) birth cohort study recruited 5,249
individuals [14]. Anthropometric data were collected in
a subsample of 1,272 at 6, 12 and 48 months. For this study, we
randomly selected 13% of those born in each calendar month of
the year. This identiﬁed 655 individuals at one month of age, of
whom 453 with full data at previous time points were success-
fully located and studied in adolescence. These individuals
underwent measurements of body composition by deuterium
dilution, physical activity by accelerometry and blood pressure at
13.3 years [15]. Ethical approval was obtained from the Federal
University of Pelotas Medical School Ethics Committee.
Anthropometry
Birth weight and length (considered infant equivalent to
height) were measured at the hospital by the research team.
Weight and length/height at 6, 12 and 48months weremeasured
at the cohort participant’s household. At the 14-year visit, weight
and height were again measured. Skinfolds were measured in
triplicate using Holtain calipers. Waist was measured at the level
of the umbilicus with a nonstretchable tape.
Body composition
Body composition in adolescence was measured using
deuterium [16]. Brieﬂy, each adolescent was given a drink con-
taining approximately .05 g 99.9% deuterium oxide (2H2O) per kgweight. Saliva samples were obtained pre-dose and 4-hour post-
dose using absorbent salivettes at least 30 minutes after the last
ingestion of food or drink, and then stored frozen at 30C, as
described in detail elsewhere [15]. The samples were shipped to
the UK for analysis in duplicate by mass spectrometry, using the
equilibration method (Delta plus XP, Thermoﬁsher Scientiﬁc,
Bremen, Germany). For calculating total body water (TBW), it
was assumed that 2H2O dilution space overestimated TBW by
a factor of 1.044 [17]. Correction was made for dilution of the
dose by water intake during the 4-hour equilibration period [16].
Values for TBW were converted to lean mass (LM, used here
synonymously with fat-free mass), using new reference data for
the hydration of lean tissue [18]. Fat mass (FM) was calculated as
the difference of LM andWT. Both FM and LMwere then adjusted
for height to give the fat mass index (FMI) and lean mass index
(LMI), both expressed in the same kg/m2 units as BMI [19,20].
Preliminary analyses involved log-log regression analyses,
using natural log-transformed data for height (HT), LM, and FM.
Regression of LnFM or LnLM on LnHT produced coefﬁcients for
LnHT of 2.7 (SE 1) in males and 1.5 (SE .8) in females for LnLM,
and 4.1 (SE 1) in males and 2.6 (SE .2) in females for LnFM. These
represent relevant values of n, whereby an index M/HTn adjusts
M (an index of weight) for HT. Although two of these values were
signiﬁcantly different from 2, correlations of FMI or LMI and
height remained <.25, indicating that these outcomes were not
strongly biased in relation to HT. Height was signiﬁcantly
correlated with waist in males (r ¼ .34, p < .001), but not in
females, and not with either skinfold in either sex.
Statistics
Conditional growth velocity is an outcome widely used to
take into account the fact that size at any given time is correlated
with size at previous time-points [21]. It indexes how much an
individual has changed over time, taking into account this
tendency for individuals to track. In each individual, conditional
growth is quantiﬁed as the regression residual, from the
regression of follow-up size on baseline size. These residuals are
uncorrelated with prior measures of size. In our approach, we
adjusted size at follow up (e.g., 6 months, or 12 months) for size
at all available previous time-points, using sex-speciﬁc regres-
sionmodels. In other words, conditional weight gain represented
the deviation during the preceding growth interval from the
weight predicted by birth weight and other prior weights. The
same approach was used to assess conditional length gain from
length data.
For both weight and length/height, size at birth and condi-
tional growth velocity were categorized into tertiles. Sex-speciﬁc
analyses were then conducted, comparing tertiles 2 and 3 against
tertile 1 for each sex. This approach was adopted because in
many studies in industrialized populations, rapid weight gain has
been associated with later obesity, and slow early weight gain
has been suggested to reduce this risk and beneﬁt cardiovascular
health [4,8,9]. The sample size of 450 meant that tertiles had
approximately 70 individuals of each sex, allowing us to detect
a .5 standard deviation difference between upper and lower
tertiles with 80% power, p < .5. The magnitude of the effect was
assessed using Scheffe’s post-hoc test. The mean difference and
its 95% conﬁdence intervals were given.
Correlations between conditional weight and conditional
height were calculated for each of the 6, 12, and 48 time-points.
General linear models were used to adjust the differences in
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tertiles 2 and 3 and tertile 1 for conditional height gain as
a continuous variable in the same period. The same approach
was used to adjust differences between conditional height gain
tertiles and conditional weight gain in the same period.Results
A comparison of descriptive characteristics of those in the
subsample against those in the whole cohort is given in
a supplementary online table. There were no signiﬁcant differ-
ences between the subsample and the cohort except for birth
weight z-score in males, which was .14 z-scores higher in the
subsample, and weight at 1 year in both sexes, which was greater
in the subsample. Although signiﬁcant, the magnitudes of these
effects are small, and unlikely to introduce bias into our ﬁndings.
Table 1 presents anthropometry and body composition at 14
years. Males and females had similar BMI and BMI z-score.
However, males were signiﬁcantly taller and heavier, and had
greater waist girth, LM, and LMI, while females had greater
skinfolds, FM, and FMI.Associations between weight gain and later anthropometry
Table 2 shows that compared to the lowest birth weight
tertile, the highest tertile had signiﬁcantly greater adolescent
height, though more so in males (D ¼ 6.7 cm) than females
(D¼ 4.2 cm). Thosewith highest conditional weights at 6months
showed a similar increment in height, again greater in magni-
tude in males (D ¼ 7.4 cm) than females (D ¼ 3.2 cm). For
conditional weight gain at 12 months, the increment of being in
the highest tertile was again higher in males (D ¼ 5.3 cm) than
females (D ¼ 2.9 cm). However, for conditional weight at 48
months, the height increment for the highest tertile was the
same in males and females (D ¼ 6 cm).
Table 2 also shows that the largest tertile of birth weight did
not have greater waist girth or skinfolds than the smallest birth
weight tertile in either sex. However, those in the top conditional
weight tertile at 6 months had greater waist girth and sub-
scapular skinfold in females but not males. In contrast, boys in
the top tertile at 12 months had greater waist and triceps skin-
fold, but this association was not observed among girls. Condi-
tional weight at 48 months was associated with greater waistTable 1
Description of age, anthropometry and body composition
Males
(n ¼ 222)
Females
(n ¼ 203)
p
Mean SD Mean SD
Age (years) 14.1 .3 14.1 .4 .4
Weight 60.1 13.7 55.0 11.4 <.0001
Height (cm) 167.7 8.3 158.9 6.9 <.0001
BMI (kg/m2) 21.3 4.0 21.7 4.3 .2
BMI z-scorea .4 1.2 .3 1.2 .7
Waist girth 72.3 8.9 69.3 6.7 <.0001
Triceps skinfold (mm) 11.3 7.0 17.0 6.6 <.0001
Subscaps skinfold (mm) 9.8 5.6 13.1 6.3 <.0001
Lean mass (kg) 40.8 8.1 37.0 5.4 <.0001
Lean mass index (kg/m2) 16.0 2.0 15.1 1.8 <.0001
Fat mass (kg) 10.1 7.7 14.1 7.1 <.0001
Fat mass index (kg/m2) 3.9 2.8 5.7 2.8 <.0001
a Using WHO criteria.girth and both skinfolds in both sexes, and the magnitude of
these effects was relatively similar between the sexes.
Associations between weight gain and body composition
outcomes
Table 3 presents similar data for body composition outcomes.
There was a dose response association between birth weight
tertile and LM in males but not females. The heaviest birth
weight tertile also had greater FM in males, but not greater FMI,
and no such association was apparent in females. At 6 months,
the top tertile of conditional weight had greater LM in males, and
greater LM, LMI, and FM in females. The LM increment was larger
for males than females, whereas that for FM was larger in
females. In the second 6 months, the top tertile of weight gain
had greater LM and FM in males, and greater LM in females. The
LM increment was larger for males than females, whereas that
for FM was similar between the sexes. At 48 months, the top
weight gain tertile had greater values than the bottom tertile for
each of LM, LMI, FM, and FMI inmales, but only for LM in females.
Increments were larger for LM in males, but were similar
between the sexes for FM. Thus, prior to one year, the only
component of fat or lean mass that was increased beyond the
equivalent effect on height was FMI in females, through rapid
weight gain in the ﬁrst six months of life.
Associations between gain in length/height and body composition
outcomes
Table 4 presents body composition outcomes according to the
rate of length gain in fetal life, and conditional length/height at 6,
12, and 48 months. At birth, the longest tertile had greater
adolescent LM in bothmales and females. In the ﬁrst 6 months of
life, those gaining length fastest had greater LM in both sexes,
and greater FM and FMI in males. For females, there was also
a dose-response association across the conditional height tertiles
and lean mass. There was no difference in outcomes between
groups of length gain in the second 6 months of life. Those in the
top tertile of conditional height at 48 months had greater LM in
both sexes, and greater LMI, FM, and FMI in males. Prior to one
year, therefore, the only effect of rapid length gain apparent
beyond effects on height was an increase in adiposity (fat mass
and fat mass index) in males belonging to the top tertile of
conditional length at 6 months.
Comparisons across periods
The magnitude of effect of being in the fastest growth tertile,
relative to the slowest tertile, is summarized in Figure 1 for
different outcomes, stratiﬁed by different growth periods and
exposures (weight or length gain). Figure 1A illustrates the
magnitude of effect of being in the fastest compared to the
slowest weight gain tertile for the outcomes height and waist
girth, according to sex. The graph highlights a stronger effect of
rapid weight gain on height in males than females up to one
year of age, and stronger effect of rapid infant weight gain in the
ﬁrst 6 months on waist girth in females compared to males.
Figure 1B illustrates the equivalent magnitude of effect for body
composition outcomes (fat mass and lean mass). Rapid weight
gain pays a larger dividend in LM in males than females at all
time points, but especially during fetal life and from 6 to 12
months. From 6 months onwards, rapid weight gain generates
Table 2
Adolescent height and regional adiposity according to tertile of birth weight or conditional weight gain in different growth periods
n Height (cm) Waist girth (cm) Triceps (mm) Subscapular (mm)
Mean D 95% CI Mean D 95% CI Mean D 95% CI Mean D 95% CI
Boys Tertile
Birth weight 1 70 164.4 71.4 10.7 9.6
2 75 167.2 2.8 .4, 6.0 71.1 .3 3.9, 3.3 10.0 .7 3.6, 2.1 9.3 .4 2.7, 1.9
3 76 171.1 6.7 3.5, 9.9 74.1 2.8 .9, 6.4 13.1 2.4 .4, 5.2 10.5 .9 1.4, 3.2
6 months 1 72 163.4 70.5 11.0 9.6
2 65 168.6 5.2 2.0, 8.4 72.1 1.6 2.1, 5.3 11.1 .1 2.8, 3.0 10.12.11 .5 1.8, 2.8
3 79 170.8 7.4 4.4, 10.5 74.1 3.5 .0, 7.1 11.7 .7 2.1, 3.5 9.8 .2 2.0, 2.4
12 months 1 69 164.8 69.9 9.9 9.2
2 73 168.0 3.2 .1, 6.5 72.0 2.1 1.5, 5.8 10.7 .9 2.0, 3.7 9.3 .1 2.2, 2.4
3 68 170.1 5.3 1.9, 8.6 75.0 5.1 1.4, 8.8 13.5 3.6 .7, 6.5 11.0 1.8 .6, 4.1
48 months 1 65 164.5 68.3 9.7 8.6
2 67 167.1 2.5 .9, 6.0 71.3 2.9 .6, 6.5 10.6 .9 2.1, 3.8 9.5 .9 1.4, 3.2
3 69 170.5 6.0 2.6, 9.4 76.1 7.7 4.1, 11.3 13.1 3.3 .4, 6.2 10.8 2.3 0.0, 4.6
Girls Tertile
Birth weight 1 67 156.5 68.8 16.8 13.6
2 65 160.0 3.4 .6, 6.3 68.7 .1 3.8, 7.6 16.7 0.0 2.9, 2.8 12.5 1.1 3.9, 1.6
3 68 160.8 4.2 1.4, 7.1 70.5 1.7 2.0, 5.4 17.3 .5 2.4, 3.4 13.4 .2 3.7, 1.8
6 months 1 63 156.7 66.4 15.6 11.4
2 73 160.4 3.6 .8, 6.5 69.3 2.8 .7, 6.5 16.7 1.1 1.7, 3.9 12.8 1.4 1.2, 4.0
3 59 159.9 3.2 .2, 6.2 72.2 5.8 2.0, 9.6 18.3 2.7 .2, 5.6 15.4 4.1 1.3, 6.8
12 months 1 63 157.0 69.3 16.3 13.5
2 64 159.8 2.7 .2, 5.7 68.0 1.3 5.2, 2.6 16.6 .2 2.7, 3.2 12.1 1.4 4.2, 1.4
3 63 160.0 2.9 0.0, 5.9 70.6 1.3 2.5, 5.2 17.9 1.6 1.4, 4.5 14.2 .7 2.1, 3.5
48 months 1 60 156.2 66.5 14.5 10.9
2 59 158.7 2.5 .4, 5.5 68.4 1.9 1.6, 5.5 17.2 2.7 .2, 5.6 13.6 2.7 .1, 5.4
3 59 162.2 6.0 3.1, 8.9 72.1 5.6 2.0, 9.1 18.5 4.1 1.2, 7.0 15.3 4.3 1.6, 7.1
Values in bold text are signiﬁcant, p < .05.
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being in the largest birth weight tertile generates a bigger effect
in FM for males than females, whereas rapid weight gain in the
ﬁrst 6 months of post-natal life generates a bigger effect in FM
for females than males.Table 3
Adolescent body composition according to tertile of birth weight or conditional weig
n Lean mass (kg) Lean mass ind
Mean D 95% CI Mean D
Boys Tertile
Birth weight 1 75 38.0 15.5
2 77 41.2 3.2 .1, 6.4 16.2 .7
3 77 43.0 5.0 1.8, 8.1 16.1 .6
6 months 1 76 38.2 15.7
2 66 40.9 2.6 .6, 5.9 15.8 .1
3 82 43.3 5.1 2.0, 8.1 16.3 .6
12 months 1 72 38.4 15.6
2 75 41.0 2.6 .6, 5.8 16.0 .3
3 71 43.5 5.1 1.8, 8.3 16.4 .8
48 months 1 67 37.2 15.4
2 70 40.2 3.0 .2, 6.1 15.9 .5
3 71 44.3 7.1 4.0, 10.3 16.6 1.2
Girls Tertile
Birth weight 1 70 36.1 15.1
2 67 37.0 .8 1.4, 3.0 14.9 .3
3 70 38.0 1.8 .4, 4.0 15.1 0.0
6 months 1 66 35.6 14.9
2 76 36.6 .9 1.2, 3.1 14.7 .2
3 60 39.3 3.7 1.4, 5.9 15.6 .7
12 months 1 66 35.9 15.0
2 65 36.9 1.1 1.2, 3.3 15.0 .1
3 66 38.2 2.3 .2, 4.6 15.3 .2
48 months 1 63 34.4 14.7
2 60 36.2 1.8 .3, 4.0 14.9 .2
3 62 40.1 5.7 3.6, 7.8 15.5 .8
Values in bold text are signiﬁcant, p < .05.The magnitude of effect of being in the fastest height growth
tertile, relative to the slowest growth tertile, is summarized in
Figure 1C for the outcomes fat mass and lean mass. Rapid length
gain pays a larger dividend in LM in males than in females at all
time points. Rapid length gain also pays a bigger dividend in FMht gain in different growth periods
ex (kg/m2) Fat mass (kg) Fat mass index (kg/m2)
95% CI Mean D 95% CI Mean D 95% CI
9.0 3.7
.1, 1.5 8.8 .2 3.2, 2.8 3.5 .2 1.3, .9
.1, 1.4 12.5 3.8 .6, 6.6 4.7 1.0 .1, 2.1
8.9 3.7
.7, .9 9.7 .8 2.4, 3.9 3.8 .1 1.1, 1.3
.2, 1.3 11.6 2.6 .4, 5.6 4.3 .6 .5, 1.7
8.9 3.6
.4, 1.1 9.4 .5 2.6, 3.6 3.7 .1 1.0, 1.3
0.0, 1.6 12.3 3.4 .3, 6.6 4.5 .9 .2, 2.1
7.2 3.0
.3, 1.3 9.7 2.4 .6, 5.5 3.8 .8 .4, 2.0
.4, 2.0 12.9 5.7 2.6, 8.8 4.8 1.8 .7, 3.0
13.9 5.8
1.0, .5 13.3 .6 3.6, 2.4 5.3 .4 1.6, .8
.8, .7 15.2 1.3 1.7, 4.3 6 .2 .9, 1.4
12.3 5.1
.9, 1.6 13.9 1.5 1.4, 4.4 5.6 .5 .7, 1.6
0.0, 1.5 16.5 4.2 1.1, 7.2 6.6 1.6 .3, 2.8
13.1 5.4
.8, .7 13.4 .3 2.7, 3.4 5.4 0.0 1.2, 1.2
1.1, .5 16.1 3.0 .1, 6.0 6.4 1.0 .2, 2.2
11.2 4.8
.6, .7 13.9 2.7 .3, 5.6 5.7 .9 .3, 2.1
.1, 1.6 17.3 6.1 3.2, 9.0 6.6 1.8 .6, 3.0
Table 4
Adolescent body composition according to tertile of birth length or conditional length gain in different growth periods
n Lean mass (kg) Lean mass index (kg/m2) Fat mass (kg) Fat mass index (kg/m2)
Mean D 95% CI Mean D 95% CI Mean D 95% CI Mean D 95% CI
Boys Tertile
Birth length 1 76 39.2 15.9 9.3 3.8
2 83 40.2 1.0 2.1, 4.1 15.9 0.0 .8, .7 9.4 .1 2.8, 3.1 3.7 0.0 1.1, 1.1
3 70 43.1 3.8 .5, 7.0 16.1 .2 .6, 1.0 11.8 2.5 .6, 5.6 4.4 .6 .6, 1.8
6 months 1 72 38.6 16.0 7.7 3.2
2 78 40.6 2.0 1.1, 5.2 15.9 .1 .9, .7 10.2 2.5 .5, 5.5 4.0 .8 .3, 2.0
3 74 43.3 4.8 1.6, 8.0 16.1 .1 .7, .9 12.3 4.6 1.6, 7.7 4.5 1.3 .2, 2.5
12 months 1 75 40.1 16.0 10.0 4.0
2 76 40.7 .6 2.6, 3.9 16.0 0.0 .8, .7 9.1 .9 4.0, 2.2 3.6 .4 1.6, .7
3 67 42.7 2.1 1.2, 5.5 16.0 0.0 .8, .8 11.6 1.7 1.5, 4.9 4.3 .3 .9, 1.5
48 months 1 70 37.5 15.6 8.0 3.3
2 68 39.7 2.2 .9, 5.3 15.7 0.0 .7, .9 9.0 1.0 2.1, 4.1 3.6 .3 1.5, .8
3 70 44.7 7.2 4.1, 10.3 15.2 .4 0.0, 1.6 13.0 5.0 1.9, 8.1 4.8 1.4 .3, 2.6
Girls Tertile
Birth length 1 63 36.0 15.9 14.4 6.0
2 76 36.6 .6 1.7, 2.9 15.0 .1 .9, .7 14.0 .4 1.5, 2.7 5.7 .3 1.5, 1.0
3 66 38.3 2.3 .1, 4.4 15.0 .1 .8, .7 14.3 .1 3.1, 2.9 5.6 .4 1.6, .8
6 months 1 68 35.0 14.8 12.5 5.3
2 62 37.8 2.7 .5, 5.0 15.0 .4 .4, 1.1 15.5 3.0 .1, 6.0 6.2 .9 .3, 2.1
3 70 38.3 3.3 1.1, 5.5 15.4 .2 .4, .6 14.8 2.3 .7, 5.2 4.5 .4 .8, 1.5
12 months 1 63 35.9 15.2 12.4 5.2
2 70 38.0 2.1 .3, 4.4 15.4 .2 .6, 1.0 15.5 3.1 0.0, 6.2 6.2 1.1 .2, .1
3 62 37.1 1.2 1.1, 3.5 14.7 .5 1.3, .3 15.0 2.6 .4, 5.7 6.0 .8 .4, .2
48 months 1 58 35.2 15.2 13.3 5.7
2 65 36.0 .8 1.4, 3.1 14.7 .5 1.3, .3 13.3 .1 3.2, 3.0 5.4 .3 1.5, .9
3 60 39.5 4.3 2.1, 6.6 15.2 0.0 .8, .8 16.1 2.8 .3, 5.9 6.1 .4 .8, 1.7
Values in bold text are signiﬁcant, p < .05.
J.C.K. Wells et al. / Journal of Adolescent Health 51 (2012) S58eS64S62in males than females during fetal life, early infancy, and early
childhood. These sex differences are minimal in the second six
months of post-natal life.
Covariance between gains in weight and height
Conditional weight and length were correlated at 6 months
(males: r ¼ .62; females: r ¼ .48), 12 months (males: r ¼ .24;
females: r¼ .30) and 48months (males: r¼ .49; females: r¼ .55),
p < .001 in all cases. Adjusting the associations between tertiles
of conditional weight and adolescent body composition for the
relevant conditional height made very little difference to the
coefﬁcients for the difference between the ﬁrst and third tertile.
In contrast, adjusting the associations between tertiles of
conditional length and adolescent body composition for the
relevant conditional weight reduced the magnitude of the
difference between ﬁrst and third tertiles, so that no differences
remained signiﬁcant except those for LM in males at 6 months.
This effect also disappeared after adjustment for height, i.e.,
when LMI was the outcome.
Discussion
Our data reveal multiple associations of conditional weights
and heightsdindexing rapid growth during different develop-
mental periodsdwith body composition outcomes at 14 years of
age in a Brazilian birth cohort. We chose to focus on rapid weight
gain, using a tertile approach, as it has been suggested to be a risk
factor for obesity in many studies of industrialized populations,
both in infancy and early childhood [2,5,6]. We therefore
compared rapid versus slowweight gain, recommended by some
for long-term health [4,7e9], but we also repeated the main
analyses for length gain. Our results add to previous work onanthropometric and skinfold outcomes in the same cohort [22]
by providing accurate data on lean and masses, measured by
stable isotopes.
In this population, rapid weight gain was always beneﬁcial in
terms of height and LM for males, but less consistently so for
females. In terms of the adiposity indicators, birth weight was
neutral except for an association with fat mass (but not FMI) in
boys only. Weight gain after 12 months was particularly associ-
ated with fat mass, waist circumference, and skinfolds, in both
sexes. Associations between weight gain up to 12 months and
adiposity were weaker or nonexistent, and tended to be stronger
for boys than girls.
Our data are consistent with previous work conducted in
modernizing populations indicating that the primary conse-
quence of rapid weight gain in early life is that both males and
females become bigger, rather than fatter [10e13]. For each of
birth weight and conditional weight at 6 and 12 months, there
were no consistent associations with later adiposity once
height was adjusted for, with the exception of weight gain 0e6
months and waist girth in females, and weight gain 0e6
months and FMI in males. In contrast, conditional weight at
48 months was associated with greater waist girth, skinfolds,
and FMI in both sexes, though also with greater LMI. For
females, compared to being in the slowest weight gain tertile,
being in the fastest tertile between birth and 6 months was
associated with an increment of þ4.2 kg fat, whereas being in
the fastest tertile between 12 months and 48 months was
associated with an increment of þ6.1 kg fat. Thus, rapid weight
gain has stronger and more systematic associations with
adiposity after the ﬁrst year of postnatal life, suggesting that
fetal life and infancy are less important periods of the life-
course for obesity risk in this population. This ﬁts with
previous work in Brazil and other modernizing populations,
Figure 1. Each plot shows on the y-axis the magnitude of effect (expressed as
Scheffe post-hoc coefﬁcient from general linear model, with standard error) of
being in the third versus theﬁrst growth tertile, in relation to different periods and
measures of growth on the x-axis. (A) Height and waist circumference in cm (y-
axis) in relation to birth weight or conditional weight gain over 3 periods (x-axis).
(B) Leanmass and fat mass in kg (y-axis) in relation to birth weight or conditional
weight gain over threeperiods. (C) Leanmass and fatmass in kg (y-axis) in relation
to birth length or conditional length gain over three periods (x-axis).
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variety of dimensions of human capital [23].
Length gain in early infancy showed a slightly different pattern
toweightgain,with rapid lengthgain inmales in theﬁrst6months
ofpostnatal life associatedwith later FMI. Earlygains inweight andlength have previously been shown to have slightly different
implications for later body composition [24]. Catch-up growth in
length is associated with increased insulin sensitivity, which in
turn has been associated with up-regulation of IGF1 and insulin
receptors inmuscle tissue [25]. These early hormonal adaptations
may potentially elevate the risk of later excess weight gain if
exposed to an insulinogenic diet [26,27]. Thus, although gains in
length in early life may be very beneﬁcial for height and LM, they
may also elevatemetabolic risk through the underlying hormonal
adaptations, dependent on subsequent environmental exposures.
Further work is required to explore such possible associations
between early length gain patterns and diet composition. It is
possible that the penalties of rapid length growth might be
reducedby interventions in childhood rather than in infancy itself.
Conditional gains in weight and height in each period were
correlated. In an earlier analysis of a larger sample of adolescents
from the same cohort, conditional weight at 1 and 4 years tended
to be associated with higher blood pressure, BMI, and skinfolds
[22]. In marked contrast, rapid length/height gains tended to
reduce BMI and skinfolds. These results only emerged when
length/height gain andweight gainwere adjusted for one another.
In our analyses using deuterium-based body composition
outcomes in a smaller subsample, similar ﬁndings were observed
in terms of weight gain variables, but we did not reproduce the
beneﬁts reported in terms of length/height gain. In fact, adjusting
thedifferencebetween fast andslowweightgain tertiles for length
gainmade little difference to the ﬁndings, whereas the equivalent
adjustment of the difference between fast and slow length gain
tertiles for weight gain reducedmost of the signiﬁcant differences
to nonsigniﬁcance, suggesting that weight gain is broadly more
important for later body composition than length gain.
The other main ﬁnding is that males and females show con-
trasting tissue “investment strategies” in early life. Rapid weight
gain is more strongly associated with LM and height in males
than in females, and with adiposity indices in females than in
males. These early differences are consistent with previous data
on tissue accretion patterns in early life, suggesting that amodest
degree of sexual dimorphism in body composition is apparent in
birth and infancy [28e31]. However, while the strategy for
dimorphism is expressed primarily in adolescence, our data
show that it is highly sensitive toweight gain in early infancy, but
much less so to weight gain in early childhood.
The strengths of this study include the prospective nature of
the anthropometric data, the use of conditional growth velocity
to deﬁne independent indices of weight and length gain in
successive developmental periods, and the use of an accurate
stable isotope methodology to measure body composition. The
limitations include the lack of data on actual tissue accretion
patterns in early life, the lack of anthropometric data at 2 years,
and the sample size. More subtle effects of rapid weight gain
could be detected if larger numbers of adolescents had been
studied. We also lacked an accurate approach for assessing
central adiposity. We conducted multiple comparisons, which
might increase the likelihood of a chance ﬁnding; however, our
results are essentially conservative, in failing to ﬁnd associations
of growth and later adiposity reported in industrialized pop-
ulations [1e6]. A potential limitation is that we did not adjust for
breast-feeding status in infancy. However, previous work in this
cohort has shown no association between breast-feeding and
obesity status at 11 years [32], a ﬁnding perhaps unsurprising
given that the majority of the cohort were breast-fed until 3
months [33].
J.C.K. Wells et al. / Journal of Adolescent Health 51 (2012) S58eS64S64In conclusion, rapid weight gain in early life in this population
is associated with greater height, and after taking this size effect
into account, associations of weight gain with later body
composition were only systematically apparent from the second
year of life onwards. Males and females have different patterns of
associations, with rapid infant weight gain beneﬁtting later
height and lean mass more in males, and fat mass more in
females. These data suggest that associations of weight gain and
obesity may develop primarily after infancy in this population.
The fact that infant weight gain is implicated in the magnitude of
sexual dimorphism in adolescencemay offer a clue as towhy this
developmental period has a lower effect on obesity risk.
Acknowledgments
The cohort study is supported by the Wellcome Trust. The
initial phases of the cohort were funded by the European Union
and the Brazilian National Program for Centers of Excellence
(PRONEX), National Research Council (CNPq), and Ministry of
Health. None of these organizations inﬂuenced the study design,
the collection, analysis, and interpretation of data, the writing
of the report, or the decision to submit the manuscript for
publication.
Supplementary Data
Supplementary data related to this article can be found online
at http://dx.doi.org/10.1016/j.jadohealth.2012.08.013
References
1 Karaolis-Danckert N, Buyken AE, Bolzenius K, et al. Rapid growth among
term children whose birth weight was appropriate for gestational age has
a longer lasting effect on body fat percentage than on body mass index. Am J
Clin Nutr 2006;84:1449e55.
2 Ekelund U, Ong K, Linné Y, et al. Upward weight percentile crossing in
infancy and early childhood independently predicts fat mass in young
adults: The StockholmWeight Development Study (SWEDES). Am J Clin Nutr
2006;83:324e30.
3 Chomtho S, Wells JC, Williams JE, et al. Infant growth and later body
composition: Evidence from the 4-component model. Am J Clin Nutr 2008;
87:1776e84.
4 Singhal A, Kennedy K, Lanigan J, et al. Nutrition in infancy and long-term risk
of obesity: Evidence from 2 randomized controlled trials. Am J Clin Nutr
2010;92:1133e44.
5 Stettler N, Kumanyika SK, Katz SH, et al. Rapid weight gain during infancy
and obesity in young adulthood in a cohort of African Americans. Am J Clin
Nutr 2003;77:1374e8.
6 Stettler N, Zemel BS, Kumanyika S, Stallings VA. Infant weight gain and
childhood overweight status in a multicenter, cohort study. Pediatrics 2002;
109:194e9.
7 Singhal A, Lucas A. Early origins of cardiovascular disease: Is there a unifying
hypothesis? Lancet 2004;363:1642e5.
8 Singhal A, Cole TJ, Fewtrell M, et al. Is slower early growth beneﬁcial for
long-term cardiovascular health? Circulation 2004;109:1108e13.
9 Singhal A, Fewtrell M, Cole TJ, Lucas A. Low nutrient intake and early growth
for later insulin resistance in adolescents born preterm. Lancet 2003;361:
1089e97.10 Sachdev HS, Fall CH, Osmond C, et al. Anthropometric indicators of body
composition in young adults: Relation to size at birth and serial measure-
ments of body mass index in childhood in the New Delhi birth cohort. Am J
Clin Nutr 2005;82:456e66.
11 Li H, Stein AD, Barnhart HX, et al. Associations between prenatal and post-
natal growth and adult body size and composition. Am J Clin Nutr 2003;77:
1498e505.
12 Wells JC, Hallal PC, Wright A, et al. Fetal, infant and childhood growth:
Relationships with body composition in Brazilian boys aged 9 years. Int J
Obes 2005;29:1192e8.
13 Kuzawa CW, Hallal PC, Adair L, et al; COHORTS Group. Birth weight, post-
natal weight gain, and adult body composition in ﬁve low and middle
income countries. Am J Hum Biol 2012;24:5e13.
14 Victora CG, Hallal PC, Araújo CL, et al. Cohort proﬁle: The 1993 Pelotas
(Brazil) birth cohort study. Int J Epidemiol 2008;37:704e9.
15 Reichert FF, Menezes AM, Wells JC, et al. A methodological model for col-
lecting high-quality data on physical activity in developing settingsdthe
experience of the 1993 Pelotas (Brazil) Birth Cohort study. J Phys Act Health
2009;6:360e6.
16 Wells JC, Fuller NJ, Dewit O, et al. Four-component model of body compo-
sition in children: Density and hydration of fat-free mass and comparison
with simpler models. Am J Clin Nutr 1999;69:904e12.
17 Racette SB, Schoeller DA, Luke AH, et al. Relative dilution spaces of 2H- and
18O-labeled water in humans. Am J Physiol 1994;267:E585e90.
18 Wells JC, Williams JE, Chomtho S, et al. Pediatric reference data for lean
tissue properties: Density and hydration from age 5 to 20 y. Am J Clin Nutr
2010;91:610e8.
19 VanItallie TB, Yang MU, Heymsﬁeld SB, et al. Height-normalized indices of
the body’s fat-free mass and fat mass: Potentially useful indicators of
nutritional status. Am J Clin Nutr 1990;52:953e9.
20 Wells JC. A critique of the expression of paediatric body composition data.
Arch Dis Child 2001;85:67e72.
21 Keijzer-Veen MG, Euser AM, van Montfoort N, et al. A regression model with
unexplained residuals was preferred in the analysis of the fetal origins of
adult diseases hypothesis. J Clin Epidemiol 2005;58:1320e4.
22 Menezes AM, Hallal PC, Dumith SC, et al. Adolescent blood pressure, body
mass index and skin folds: Sorting out the effects of early weight and length
gains. J Epidemiol Community Health 2012;66:149e54.
23 Victora CG, Adair L, Fall C, et al; Maternal and Child Undernutrition Study
Group. Maternal and child undernutrition: Consequences for adult health
and human capital. Lancet 2008;371:340e57.
24 Soto N, Bazaes RA, Peña V, et al. Insulin sensitivity and secretion are
related to catch-up growth in small-for-gestational-age infants at age 1
year: Results from a prospective cohort. J Clin Endocrinol Metab 2003;88:
3645e50.
25 Muhlhausler BS, Dufﬁeld JA, Ozanne SE, et al. The transition from fetal
growth restriction to accelerated postnatal growth: A potential role for
insulin signalling in skeletal muscle. J Physiol 2009;587:4199e211.
26 Ibanez L, Ong K, Dunger DB, de Zegher F. Early development of adiposity and
insulin resistance after catch-up weight gain in small-for-gestational-age
children. J Clin Endocrinol Metab 2006;91:2153e8.
27 Wells JC, Siervo M. Obesity and energy balance: Is the tail wagging the dog?
Eur J Clin Nutr 2011;65:1173e89.
28 Andersen GS, Girma T, Wells JC, et al. Fat and fat-free mass at birth: Air
displacement plethysmography measurements on 350 Ethiopian newborns.
Pediatr Res 2011;70:501e6.
29 Butte NF, Hopkinson JM, Wong WW, et al. Body composition during the ﬁrst
2 years of life: An updated reference. Pediatr Res 2000;47:578e85.
30 de Bruin NC, et al. Measurement of fat-free mass in infants. Pediatr Res 1995;
38:411e7.
31 Olhager E, Flinke E, Hannerstad U, Forsum E. Studies on human body
composition during the ﬁrst 4 months of life using magnetic resonance
imaging and isotope dilution. Pediatr Res 2003;54:906e12.
32 Neutzling MB, Hallal PR, Araújo CL, et al. Infant feeding and obesity at 11
years: Prospective birth cohort study. Int J Pediatr Obes 2009;4:143e9.
33 Victora CG, Matijasevich A, Santos IS, et al. Breastfeeding and feeding
patterns in three birth cohorts in Southern Brazil: Trends and differentials.
Cad Saude Publica 2008;24(Suppl. 3):S409e16.
